We study how the void environment affects the chemical evolution of galaxies in the universe by comparing the oxygen and nitrogen abundances of dwarf galaxies in voids with dwarf galaxies in denser regions. Using spectroscopic observations from SDSS DR7, we estimate the oxygen and nitrogen abundances of 993 void dwarf galaxies and 759 dwarf galaxies in denser regions. We use the Direct Te method for calculating the gas-phase chemical abundances in the dwarf galaxies because it is best suited for low metallicity, low mass (dwarf) galaxies. A substitute for the [OII] 3727 doublet is developed, permitting oxygen abundance estimates of SDSS dwarf galaxies at all redshifts with the Direct Te method. We find that void dwarf galaxies have slightly higher oxygen abundances than dwarf galaxies in denser environments. The opposite trend is seen in both the nitrogen abundance and N/O ratio: void dwarf galaxies have slightly lower nitrogen abundances and lower N/O ratios than dwarf galaxies in denser regions. Our mass-N/O relationship shows that the secondary production of nitrogen commences at a lower stellar mass in void dwarf galaxies than in dwarf galaxies in denser environments. The lower N/O ratios and smaller stellar mass for secondary nitrogen production seen in void dwarf galaxies may indicate both delayed star formation and a dependence of cosmic downsizing on the large-scale environment. The shift toward higher oxygen abundances in void dwarf galaxies might be evidence of larger ratios of dark matter halo mass to stellar mass in voids than in denser regions.
INTRODUCTION
Galactic redshift surveys have revealed that the largescale distribution of galaxies is similar to a threedimensional cosmic web (Bond et al. 1996) , with thin filaments of galaxies connecting galaxy clusters separated by voids (large, underdense areas which fill more than 60% of space). The voids first identified in early surveys (e.g., Gregory & Thompson 1978; Kirshner et al. 1981; de Lapparent et al. 1986 ) have proven to be a universal feature of large-scale structure. Analyses of the Sloan Digital Sky Survey (Abazajian et al. 2009; Ahn et al. 2012 ) have produced catalogs of 10 3 voids Sutter et al. 2014) . Cosmic voids are an essential component for understanding the role of a galaxy's environment on its formation and evolution (see Extensive studies have been performed to understand the role of the environment in galaxy formation. A strong relationship was found between a galaxy's morphology and the local density (Dressler 1980; Postman & Geller 1984) , where the fraction of earlytype galaxies increases with density.
A galaxy's luminosity was found to also contribute to this morphology-luminosity-density relation (Park et al. 2007) . While much of this early work focused on trends of galaxy properties in the densest regions of space, evidence was found that the same trends persist into the voids, where galaxies are found to be bluer (Grogin & Geller 1999; Rojas et al. 2004; Patiri et al. 2006; von Benda-Beckmann & Müller 2008; Hoyle et al. 2012) , of a later morphological type (Grogin & Geller 2000; Rojas et al. 2004; Park et al. 2007) , and have higher specific star formation rates (sSFR; Rojas et al. 2005 ; von Benda-Beckmann & Müller 2008; Moorman et al. 2015; Beygu et al. 2016) . These trends are attributed to the availability of cool gas to feed star formation in the void regions. Hoyle et al. (2005) and Moorman et al. (2015) showed that there is a shift toward fainter objects in the void galaxy luminosity function. This shift is consistent with the predicted shift of the dark matter halo mass function (Goldberg et al. 2005) . Investigations into the H I properties of void galaxies have also been performed (Kreckel et al. 2012; Moorman et al. 2014) , where void galaxies tend to have lower H I masses than galaxies in denser environments. All these observations are consistent with predictions from the ΛCDM cosmology that void galaxies have lower masses and be retarded in their star formation when compared to those in denser environments (e.g., Gottlöber et al. 2003; Goldberg et al. 2005; Cen 2011 ).
Given that the sSFR and evolutionary history are different for galaxies in voids, it follows that their chemical evolution might also be influenced by the environment. The metallicity of a galaxy (a measure of the integrated star formation history) is an estimate of the percentage of the galaxy's gas that has been processed in stars (Guseva et al. 2009 ). We would expect void galaxies to have lower metallicities than those in denser regions if they have only recently commenced forming stars or have recently accreted unprocessed gas. Observations by Cooper et al. (2008) ; Deng (2011); Filho et al. (2015) ; Pustilnik et al. (2006 Pustilnik et al. ( , 2011b Pustilnik et al. ( ,a, 2013 ; Pustilnik (2014) , and Pilyugin et al. (2017) support the hypothesis that void galaxies have lower metallicities than galaxies in denser regions. However, Kreckel et al. (2015) and Douglass & Vogeley (2017a) find no influence from the large-scale environment on the metallicity, and Douglass & Vogeley (2017b) find that void dwarf galaxies have higher metallicities than dwarf galaxies in denser regions. It is obvious that a study of a statistically significant large sample of galaxies is required to understand how the large-scale environment influences the chemical evolution of galaxies.
Environmental effects should be the most obvious on dwarf galaxies, since they possess small gravitational potential wells. As a result, they are more sensitive to astrophysical effects such as cosmological reionization, internal feedback from supernova and photoheating from star formation, external effects from tidal interactions and ram pressure stripping, small-scale details of dark matter halo assembly, and properties of dark matter. The main galaxy sample of SDSS DR7 covers a large enough volume to identify over 1000 voids ) along with a statistically-significant sample of dwarf galaxies (M r > −17) in voids. SDSS also provides spectroscopy that permits metallicity estimates of this large sample of dwarf galaxies.
Numerous methods to estimate the metallicity of an object have been developed over the years, as a result of the availability of various spectral features. All methods except the direct T e method are calibrated on galaxies with various characteristics, making it unwise to apply them to galaxies outside the groups from which these calibrations were derived. The commonly used methods are not calibrated for low-mass galaxies, so we carefully chose to use the Direct T e method because we are focusing on only dwarf galaxies. A detailed explanation of this and other method classes can be found in Douglass & Vogeley (2017a) . With this estimator, Douglass & Vogeley (2017a) and Douglass & Vogeley (2017b) have looked at the gas-phase chemical abundances of 135 star-forming dwarf galaxies. They found that the large-scale environment has very little influence on the oxygen and nitrogen abundances in star-forming dwarf galaxies. However, their sample does indicate that star-forming void galaxies have lower N/O ratios than star-forming dwarf galaxies in denser regions. This is attributed to delayed star formation in void galaxies, along with a possible environmental influence on cosmic downsizing. They also argue that the very slight shift towards higher oxygen abundances in star-forming void dwarf galaxies could be due to a larger ratio of dark matter halo mass to stellar mass in void dwarf galaxies.
We look to expand on the work by Douglass & Vogeley (2017a,b) by substantially increasing their sample size of dwarf galaxies. The main limiting factor in their sample was due to the required detection of the [O II] λ3727 doublet, which is needed to estimate the amount of singly-ionized oxygen present. We present a new approach to the O + abundance estimation, which removes the need for this emission line. This calculation is used in conjunction with the Direct T e method to estimate the total gas-phase oxygen abundance in galaxies. We also examine the relationship between the chemical abundance and H I mass of star-forming dwarf galaxies. For reasons described above, this work only examines the chemical evolution of star-forming dwarf galaxies. As a result of this sample, the known influences of the environment on the morphology and luminosity have already be taken into account, since we concentrate only on star-forming dwarf galaxies.
ESTIMATION OF GAS-PHASE CHEMICAL ABUNDANCES FROM OPTICAL SPECTROSCOPY
We study a galaxy's oxygen and nitrogen abundances for several key reasons. These two elements are relatively abundant and emit strong lines in the optical, including for several ionization states in oxygen, making them relatively easy to observe (Kewley & Dopita
). In addition, a ratio of oxygen's lines provides a good estimate of the electron temperature, allowing for reliable measurements of a galaxy's gas-phase chemical abundances. The following is an explanation of the theory and methods we employ to estimate the oxygen and nitrogen abundances in dwarf galaxies.
Direct T e method
We use the Direct T e method described in Izotov et al. (2006) to estimate the gas-phase abundances of oxygen and nitrogen in our sample of dwarf galaxies, because this method is often regarded as the most accurate estimate of element abundances. It can be difficult to use due to the nature of the [O III] λ4363 auroral line (for a more detailed discussion, see Douglass & Vogeley 2017a) . Since the strength of [O III] λ4363 is inversely proportional to the metallicity of a galaxy, it is best suited for low-redshift, low-metallicity galaxies. At metallicities 12 + log(O/H) 8.5, [O III] λ4363 becomes too weak to detect in the SDSS spectra. With the massmetallicity (MZ) relation by Tremonti et al. (2004) , this metallicity limit corresponds to a maximum stellar mass of
The MZ relation by Andrews & Martini (2013) 
These upper limits on the galaxy stellar masses correspond to the maximum mass of a dwarf galaxy in SDSS (log(M * /M ⊙ ) ≈ 9). Therefore, we can expect to estimate the chemical abundances of only dwarf galaxies in SDSS DR7 with the Direct T e method. Higher resolution spectra would be necessary to probe higher mass, higher metallicity galaxies. After solving for the temperature of the gas, we can calculate the amount of each element present in each of the ionization stages. The total gas-phase oxygen abundance is equal to the sum of the abundances of Figure 1 . 12 + log O ++ /H versus 12 + log O/H for those galaxies with Mr > −20 as calculated with the direct method; the galaxies are colored by their classification in the BPT diagrams (from Brinchmann et al. (2004) ). Two linear models have been fit to three groups in the sample: star-forming and AGN/composite galaxies; the best fit parameters can be found in Table 1. each of the ionized populations:
We use an ionization correction factor (ICF) to account for the missing stages of nitrogen, since we can observe nitrogen in only one of its main ionization stages. The total abundance for a particular element X is
For nitrogen, we employ the ICFs used in Douglass & Vogeley (2017b) .
O + abundance approximation
We derive an ICF for O + to overcome some limitations on the observations of dwarf galaxies in SDSS to bolster our sample size. Because we are studying dwarf galaxies, the [O II] λ3727 doublet necessary for estimating the abundance of O + is only available for objects within the redshift range 0.02 < z < 0.03 (see Sec. 3.1 and Douglass & Vogeley 2017a, for more details). To be able to study SDSS galaxies at redshifts less than 0. Brinchmann et al. (2004) , we fit two linear models to the sample, seen in Fig. 1 and defined as
The values for a and b for the two classes are listed in Table 1 . As expected, the star-forming galaxies have less doubly ionized oxygen than both the composite and AGN galaxies. Since the degree of ionization depends on the temperature of the stars ionizing the gas, this means that the star-forming galaxies have cooler ionizing sources than the composite and AGN galaxies.
For those star-forming dwarf galaxies for which [O II] λ3727 is not observed in the SDSS spectra, we use the coefficients for the star-forming dwarf galaxies with Eqn. 3 to calculate the total oxygen abundance in the galaxy based on the amount of doubly-ionized oxygen found with Eqn. 4 of Douglass & Vogeley (2017a) . While we list the coefficients for the linear models of both those galaxies with absolute magnitudes −17 > M r > −20 and the AGN and composite galaxies in Table 1 , we do not use them to calculate the chemical abundances of these galaxies for the reasons outlined in Section 2.1.
SDSS DATA AND GALAXY SELECTION
The SDSS Data Release 7 (DR7) (Abazajian et al. 2009 ) is a wide-field multiband imaging and spectroscopic survey employing a drift scanning technique to map approximately one-quarter of the northern sky. Photometric data in the five-band SDSS system -u, g, r, i, and z -are taken with a dedicated 2.5-meter telescope at the Apache Point Observatory in New Mexico (Fukugita et al. 1996; Gunn et al. 1998 ). Follow-up spectroscopic analysis is performed on galaxies with a Petrosian r-band magnitude m r < 17.77 (Lupton et al. 2001; Strauss et al. 2002) . The spectra are taken using two double fiber-fed spectrometers and fiber plug plates with a minimum fiber separation of 55"; the observed wavelength range is 3800Å to 9200Å with a resolution λ/∆λ ∼1800 (Blanton et al. 2003) . We use emissionline flux data from the MPA-JHU value-added catalog 1 , which is based on the SDSS DR7 sample of galaxies.
1 Available at http://www.mpa-garching.mpg.de/SDSS/DR7/ All flux values have been corrected for dust reddening with the Cardelli et al. (1989) extinction curve as implemented in pyNeb (Luridiana et al. 2015) ; we assume the theoretical ratio Hα/Hβ = 2.86 at 10,000 K and 100 cm −3 (Osterbrock 1989) . We use the stellar mass estimates from the NASASloan Atlas (Blanton et al. 2011) . The H I mass estimates are from the 70% complete ALFALFA catalog α.70 (Giovanelli et al. 2005 ); H I detections were matched to the SDSS galaxies by locating the nearest optical counterpart identified in the α.70 catalog within 1 arcmin. Absolute magnitudes, colors, and all other additional data are from the KIAS value-added galaxy catalog (Choi et al. 2010; Blanton et al. 2005) . Galaxy colors are rest-frame colors which have been K-corrected to a redshift of 0.1; they are corrected for galactic extinction and calculated with model magnitudes. All galaxies have been visually inspected to remove any galaxy fragments or duplicates.
Spectroscopic selection
We employ the same requirements for our sample as in Douglass & Vogeley (2017a,b) Douglass & Vogeley (2017a) for further details on each of these requirements.
Void classification
The large-scale environment of the galaxies is determined using the void catalog compiled by Pan et al. (2012) , which was constructed with the galaxies in SDSS DR7 catalog. The VoidFinder algorithm of Hoyle & Vogeley (2002) (based on the algorithm described by El-Ad & Piran 1997) removes all isolated galaxies (defined as having the third nearest neighbor more than 7 h −1 Mpc away) using only galaxies with absolute magnitudes M r < −20. After applying a grid to the remaining galaxies, spheres are grown from all cells containing no galaxies until it encounters four galaxies on its surface. A sphere must have a minimum 10 h −1 Mpc radius to be classified as a void (or part of one). If two spheres overlap by more than 10%, they are considered part of the same void. See Hoyle & Vogeley (2002) for a more detailed description of the VoidFinder algorithm. Those galaxies that fall within these void spheres are classified as voids. Galaxies that lie outside the spheres are classified as wall galaxies. Because we cannot identify any voids within 5 h −1 Mpc of the edge of the survey, we classify these galaxies as "Uncertain."
Of the ∼800,000 galaxies with spectra available in SDSS DR7, 9519 are dwarf galaxies. Applying the spectroscopic cuts, our sample includes 993 void dwarf galaxies and 759 wall dwarf galaxies.
ABUNDANCE ANALYSIS AND RESULTS
Our primary objective is to perform a relative measurement of gas-phase abundances of dwarf galaxies to discern how their chemical evolution is affected by the large-scale environment.
All line ratios listed are ratios of the emissionline fluxes.
Galaxies with low metallicities have Z = 12 + log(O/H) < 7.6 (Pustilnik et al. 2006) ; galaxies with high metallicities have Z > 8.2 (Pilyugin et al. 2006) . The solar metallicity Z ⊙ = 8.86 (Delahaye & Pinsonneault 2006) .
Estimation of uncertainties
Uncertainties in the computed abundances are estimated using a Monte-Carlo method. Using the measured line fluxes and scaled uncertainty estimates, we calculate 100,000 abundance estimates. For each abundance estimate, a new positive "fake" line flux is drawn from a normal distribution. We use the standard deviation in these sets of 100,000 calculated abundance values for the error in our abundance estimate. See Douglass & Vogeley (2017a) for a more in-depth description of this process.
Sources of systematic error
Many physical properties of galaxies exhibit a radial dependence (Bell & de Jong 2000) . As a result, abundance estimates can depend on where the spectroscopic fiber is placed on the galaxy. The estimated abundance will not necessarily be representative of a global abundance value if not all of the galaxy's light is contained within the fiber. Belfiore et al. (2017) show that both the metallicity and N/O ratio gradients are relatively flat for lower mass galaxies (log(M/M ⊙ ) = 9) and steepen with increasing stellar mass. In SDSS DR7, the spectroscopic fiber diameter is 3"; this corresponds to a minimum physical diameter of 1.31 h −1 kpc at a redshift z < 0.03. For most of the dwarf galaxies in this study, this contains the majority of their angular size. Assuming the abundance gradients remain flat for dwarf galaxies as suggested by the results of Belfiore et al. (2017) , then our estimates of the gas-phase chemical abundances for our sample of dwarf galaxies are independent of the location of the spectral fiber on the galaxies' surfaces.
The selection criteria outlined in Section 3.1 limit our sample to only star-forming dwarf galaxies. As a result, this is not a representative sample of the entire dwarf galaxy population. We are only able to discuss the influence of the large-scale environment on star-forming dwarf galaxies in this study. Unfortunately, it is impossible to estimate the chemical abundances of red dwarf galaxies with the direct T e method because the UV photons from young stars are needed to excite the interstellar gas.
Dwarf galaxy abundances
The abundances estimated using the direct T e method for our dwarf galaxy sample are listed in Table 2 . Also included are other significant characteristics and identification for the galaxies, including their large-scale environmental classification.
Oxygen and nitrogen abundances
The distributions of oxygen and nitrogen abundances for dwarf galaxies as a function of large-scale environment are shown in Figures 2 and 3 , respectively. Both histograms show a slight shift between voids and walls in the chemical abundances of dwarf galaxies. A two- Figure 2. Gas-phase metallicity of void dwarf (red solid line) and wall dwarf (black dashed line) galaxies. A two-sample K-S test of the two data sets results in an asymptotic p-value of 0.12, indicating a 12% probability that a test statistic greater than the observed value of 0.06 will be seen if the void sample is drawn from the wall sample. This is reflected visually, as there appears to be a slight but statistically significant significant large-scale environmental influence on the metallicity of dwarf galaxies.
sample Kolmogorov-Smirnov (K-S) test quantifies this observation -a test statistic of 0.06 for oxygen and 0.08 for nitrogen are produced, corresponding to a probability of 12% and 1.5%, respectively, that a test statistic greater than or equal that observed will be measured if the void sample were drawn from the wall sample. The cumulative distribution function (CDF) for each of these elements can be seen on the right in Figures 2 and 3; they show that void dwarf galaxies have slightly higher oxygen abundances and slightly lower nitrogen abundances than dwarf galaxies in more dense regions. The K-S test quantifies the visual interpretation of these figures that the distributions of oxygen and nitrogen abundances are slightly different for star-forming dwarf galaxies in voids and walls.
The average and median values of the dwarf galaxy abundances also indicate a shift as a result of the largescale environment. The average oxygen abundance for void dwarf galaxies is 7.99 ± 0.007 and the median is 8.06, while the average oxygen abundance for wall dwarf galaxies is 7.96±0.009 with a median value of 8.04. This implies that the void dwarf galaxies have higher oxygen abundances by about 7% (average shift of 0.03 ± 0.012; median shift of 0.03) relative to wall dwarf galaxies. In contrast, the average nitrogen abundance for void dwarf galaxies is only 6.55 ± 0.007 with a median of 6.58, while the wall dwarf galaxies have an average nitrogen abundance of 6.58 ± 0.008 and a median of 6.60. The void dwarf galaxies have lower nitrogen abundances by about 10% (an average shift of 0.04 ± 0.011 and a median shift A two-sample K-S test of the two data sets results in an asymptotic p-value of 0.015, indicating a 1.5% probability that a test statistic greater than the observed value of 0.08 will be seen, if the void sample is drawn from the wall sample. This is reflected visually, as the void dwarf galaxies appear to have lower values of the N/H ratio than the wall dwarf galaxies. There is a large-scale environmental dependence of the chemical evolution of dwarf galaxies.
of 0.02) relative to wall dwarf galaxies. A tabular version of this analysis can be found in Table 3 .
Ratio of nitrogen to oxygen
The ratio of nitrogen to oxygen is also important to investigate, as it communicates the nucleosynthesis history of the galaxies. As seen in Fig. 4 , the N/O abundance ratio also indicates a large-scale environmental influence on the chemical evolution of dwarf galaxiesvoid dwarf galaxies have lower N/O ratios than dwarf galaxies in denser regions. This difference is quantified in the K-S test: the test returned a probability of only 0.03% that a test statistic greater than or equal to 0.10 will be measured if the void sample was drawn from the wall sample. The distribution of N/O abundance ratios for void dwarf galaxies is lower by about 17% (an average shift of 0.07 ± 0.016 and a median shift of 0.06) relative to the distribution of N/O ratios in wall dwarf galaxies.
Comparison to previously published oxygen abundance estimates
While no estimates of the nitrogen or N/O abundances have been made on a large selection of the SDSS galaxies, we can compare our oxygen abundance estimates to the metallicity values measured by Tremonti et al. (2004) . While we both use data from the MPA-JHU value-added catalog, Tremonti et al. (2004) employs an empirical method to calculate the metallicity that is based on calibrated relationships between direct T e methods and strong-line ratios. The results of this comparison are shown in Fig. 5 . While the majority of our abundance estimates agree reasonably well with the values calculated by Tremonti et al. (2004) , it is also clear that our estimates often predict abundances lower than those previously published. This is especially true for the low metallicity regime (12+log (O/H) < 7.6). Methods which are based on calibrations rarely use low metallicity galaxies in their source for calibrating. As a result, empirical methods will often overestimate the abundance values, especially in the low-metallicity regime. Kennicutt et al. (2003) show that strong-line methods (methods which make extreme use of the strong emission lines) can overestimate the metallicity abundances by as much as 0.3 dex. Therefore, we are not surprised at the apparent lack of correlation between our oxygen abundance estimates and those of Tremonti et al. (2004) .
N/O versus O/H
Studying how the N/O ratio depends on the metallicity (gas-phase oxygen abundance) probes the nucleosynthetic production of nitrogen in stars within the galaxies. It is believed that nitrogen can be produced as both a primary and secondary element, depending on the initial metallicity of the stars. If there are enough of the heavy elements available when the stars are created (oxygen, carbon, etc.), then the CNO cycle can commence much earlier in the star's lifetime, resulting in a higher production of nitrogen than if the star is originally created with very few heavy elements. If this is the case, then we should see no relationship between the N/O ratio and the oxygen abundance below a certain metallicity value (the primary nitrogen production phase); above this threshold metallicity, the N/O value should increase linearly with the oxygen abundance (the secondary nitrogen production phase).
As we see in Fig. 6 , there is no evidence of a secondary Ratio of nitrogen to oxygen of void dwarf (red solid line) and wall dwarf (black dashed line) galaxies. A two-sample K-S test of the two data sets results in an asymptotic p-value of 2.6 × 10 −4 , indicating only a 0.03% probability that a test statistic greater than the observed value of 0.10 will be seen. This is reflected visually, as there is a shift in the N/O ratio between the two populations of dwarf galaxies -the void galaxies have a lower value of N/O than the wall galaxies. There is a large-scale influence on the relative chemical abundances of dwarf galaxies. Note-Statistics on the gas-phase oxygen, nitrogen, and nitrogen relative to oxygen abundances in dwarf void and wall galaxies. Combined with the histograms in Figures 2-4 , these results indicate an influence on the chemical evolution of galaxies by the large-scale environment, especially on the relative abundance of nitrogen to oxygen. Void galaxies have slightly higher oxygen and nitrogen abundances than wall galaxies, but void galaxies have slightly lower N/O ratios than wall galaxies. Figure 5 . Oxygen abundance comparison between our calculated estimates with the O + approximation and those made by Tremonti et al. (2004) . Error bars have been omitted for clarity. While the majority of our abundance estimates agree reasonably well with the values already published, it is clear that our estimates are often lower than the previously published values. It is well known that the strong-line methods (like those used by Tremonti et al. 2004 ) overestimate the oxygen abundance by as much as 0.3 dex (Kennicutt et al. 2003) . Therefore, it is not surprising that the oxygen abundances measured using the direct Te method are lower, particularly at very low metallicities. (N/O) ) for the dwarf galaxies in this study; the average values of the galaxies' abundances when binned by stellar mass in bins of width 0.1 are also shown. As seen in Andrews & Martini (2013) and Douglass & Vogeley (2017b) , while most of the mass bins are scattered together around log(N/O) ∼-1.5, there is a negative correlation between these two abundance ratios. There is no evidence of secondary nitrogen production in this sample of star-forming dwarf galaxies, which would manifest as a positive relationship between O/H and N/O at high metallicities. Oxygen abundance (12 + log (O/H)) versus nitrogen abundance (12+log (N/H)) for the dwarf galaxies in this study; the average values of the galaxies' abundances when binned by their stellar mass in bins of width 0.1 are also shown. There is evidence of two evolutionary tracks for the star-forming dwarf galaxies here, one with a much steeper slope than the other.
nitrogen production phase in our sample of dwarf galaxies. This is in contrast with the evidence of secondary nitrogen production seen in Fig. 8 of Sec. 4.6; the source of this discrepancy is unclear. The relationship between metallicity and the N/O ratio instead shows a large scatter with no clear correlation between the N/O ratio and the oxygen abundance at metallicity values higher than ∼7.9. Below this value, we actually observe a negative correlation between the N/O ratio and the oxygen abundance. This would indicate a constant value of nitrogen being synthesized in the galaxies independent of the amount of oxygen being produced. A negative correlation similar to this was also observed by Andrews & Martini (2013) and Douglass & Vogeley (2017b) . Andrews & Martini (2013) note that they measure a slope of -0.21 for their stellar mass-binned galaxies with metallicities 12 + log(O/H) < 8.5, while Douglass & Vogeley (2017b) finds a slope of −0.38 ± 0.078 for dwarf galaxies. A linear fit to our dwarf galaxy sample has a slope of −0.52 ± 0.041, steeper than any previously measured.
Similar evidence of the nitrogen production phases can also be observed when looking at the relationship between the nitrogen and oxygen abundances relative to hydrogen. Fig. 7 depicts a negative relationship between the nitrogen and oxygen abundances. A linear fit to the dwarf galaxies results in a slope of 0.48 ± 0.041, less than the slope of 0.62 ± 0.078 found by Douglass & Vogeley (2017b) . These slopes both indicate that nitrogen is produced at a slower rate than oxygen in dwarf galaxies. A nitrogen plateau in Fig. 6 would manifest itself as a relationship between the N/H and O/H ratios (shown in Fig. 7 ) with a linear slope of 1. Secondary nitrogen production, a positive relationship in Fig. 6 , would correspond to a relationship between N/H and O/H in Fig. 7 with a slope greater than 1. If we split the dwarf galaxies into two populations based on their metallicity, we find that dwarf galaxies with extremely low metallicities (12 + log(O/H) ≤ 7.6) have a slope of −1.0 ± 0.21 in Fig. 6 and −0.0 ± 0.21 in Fig. 7 , while the dwarf galaxies with metallicities 12+log(O/H > 7.6 have a slope of −0.41±0.069 for O/H v. N/O and 0.59 ± 0.069 for O/H v. N/H. These slopes indicate that the production of nitrogen is independent of the oxygen abundance in systems with low metallicities, supporting the results found in Douglass & Vogeley (2017b) . Fig. 7 shows possible evidence for two evolutionary tracks for star-forming dwarf galaxies, irrespective of the large-scale environment. The dwarf galaxies with extremely low metallicities appear to have less of a correlation between their oxygen and nitrogen abundances than those dwarf galaxies with higher metallicities. The two tracks appear to merge between metallicity values 8 < 12 + log(O/H) < 8.5. Those galaxies which have a much weaker relationship between their oxygen and nitrogen abundances correspond to those galaxies in Fig.  6 with a negative relationship between their N/O ratio and metallicity. Further study is needed to understand why these galaxies have a different relationship between their oxygen and nitrogen abundances.
In both Figs. 6 and 7, there is no difference in the abundance ratio relationships between void dwarf galaxies and dwarf galaxies in denser regions. The large-scale environment does not appear to influence the nucleosynthesis of nitrogen in dwarf galaxies.
Stellar mass-abundance relations
Expanding on the mass-metallicity relation investigated in Douglass & Vogeley (2017a) , we look at the correlation between stellar mass and the oxygen abundance in our now substantially-larger sample of dwarf galaxies. The mass-metallicity relation for our dwarf galaxies can be seen in Fig. 8 . We also include those galaxies from the MPA-JHU catalog with metallicity estimates from Tremonti et al. (2004) to place our sample in context. While most of our dwarf galaxies follow the same trend seen in Tremonti et al. (2004) , we note the existence of a number of dwarf galaxies with much lower oxygen abundances than what would be predicted based on their stellar mass and the mass-metallicity relation. There is no discernible influence from the large-scale environment on the mass-metallicity relation for dwarf galaxies.
We also look at the N/O ratio as a function of stellar mass (Fig. 8, right panel) . Similar to the O/H-N/O relation studied in Sec. 4.5, the N/O ratio is predicted to be constant below some critical mass; above this, the N/O ratio should increase linearly with the stellar mass. Unlike the relation seen in Fig. 6 , we see both the N/O plateau and the positive correlation on the right in Fig. 8 . To make the plot more readable, we also bin the galaxies by stellar mass in bins of width 0.1. We observe a difference in this relation as a function of the large-scale environment: the critical mass for void galaxies is around log(M * /M ⊙ ) ∼7.2, while the galaxies in denser regions exhibit a critical mass of ∼7.6. This difference suggests that void galaxies begin to synthesize secondary nitrogen at lower stellar masses than galaxies in more dense regions, consistent with the results from Fig. 2 where void dwarf galaxies have higher oxygen abundances than dwarf galaxies in more dense environments.
H I mass-abundance relations
In addition to looking at the stellar mass, we also investigate the relationship between the amount of neutral hydrogen and the gas-phase chemical abundances in our sample of star-forming dwarf galaxies. As shown in Moorman et al. (2014) , void galaxies typically have lower H I masses than galaxies in more dense regions, consistent with the overall shift of the luminosity or stellar mass function to lower luminosity or mass in voids. In the fixed range of luminosity of our dwarf galaxy sample, as Fig. 9 shows, our sample of void dwarf galaxies have higher H I masses than the dwarf galaxies in denser regions. The gas in the void environment is cooler than that found in denser regions (due to less events like shock heating, etc.), which permits void galaxies to have higher H I masses for a given stellar mass. Therefore, because we are fixing the stellar mass in our sample of galaxies (by only studying dwarf galaxies), we should find that the void dwarf galaxies have higher H I masses than for those dwarf galaxies in denser environments.
The H I mass-metallicity and H I mass-N/O relations can be seen in Fig. 10 , extending the results of Bothwell et al. (2013) down to log(M * /M ⊙ ) ≈ 6. Unlike the correlation between the stellar mass and the chemical abundances, there is very little correlation between the abundances and the H I mass. There is no significant relationship between the H I mass and the metallicity of a galaxy -a linear fit to the data in the left panel of Fig. 10 reveals a slope of only 0.05 ± 0.085 for the void population and −0.04 ± 0.060 for the wall population. This is not surprising, as our sample of starforming dwarf galaxies probes the low metallicity range of the MZ relation where there is no strong relationship between the metallicity and stellar mass. There is a very small, but statistically significant, relationship between Tremonti et al. (2004) on the left to place our dwarf galaxy abundance results in context. On the right, we show the average N/O values for the dwarf galaxies binned by stellar mass plotted over the individual galaxies. While most of our dwarf galaxies follow the same trend as already seen in Tremonti et al. (2004) , we note the existence of a number of dwarf galaxies with much lower oxygen abundance values than what would be predicted based on their stellar mass and the mass-metallicity relation. There is no clear difference between void and wall dwarf galaxies in the mass-metallicity relation. In the right-hand panel, though, we see that the turn-off for the N/O plateau occurs at different masses for the two large-scale environments. Figure 9 . The distribution of H I mass in the sample of dwarf galaxies, separated by their large-scale environment. There is an obvious shift towards higher H I masses in the void dwarf galaxies.
the H I mass and the N/O ratio for the dwarf galaxies: a linear fit to the data in the right panel of Fig. 10 reveals a slope of 0.11 ± 0.083 for the void dwarf galaxies and 0.09 ± 0.060 for the wall dwarf galaxies. Due to the time delay in the production of nitrogen relative to oxygen, we expect the N/O ratio to decrease with increasing H I mass, since more evolved galaxies have higher N/O ratios and will have used up most of their neutral hydrogen. Bothwell et al. (2013) demonstrates the existence of this relationship at a fixed stellar mass. The first row of Fig. 10 shows little, if any, relationship between the H I mass and the chemical abundances. However, the bottom row of Fig. 10 shows that there is an inverse relationship between the chemical abundance and the H I mass for fixed stellar mass (indicated by the colors of the points).
Color-abundance relations
The gas-phase chemical abundance is expected to have a positive correlation with a galaxy's color. Older galaxies have had more time to convert their gas into heavier elements through star formation, increasing their metallicities. The color-metallicity and color-N/O relations for our sample of star-forming dwarf galaxies can be seen in Figures 11 and 12 . As we see, bluer galaxies have lower O/H and N/O ratios when we look at both Figure 10 . H I mass versus metallicity (left) and N/O ratio (right) for star-forming dwarf galaxies. The color scheme of the top row emphasizes the large-scale environment of the star-forming dwarf galaxies, while the bottom row investigates the relationship between stellar mass, H I mass, and chemical abundance. Error bars have been omitted for clarity. To place our oxygen abundance results in context, we show (gray stars) the dwarf galaxies in SDSS DR7 with metallicity estimates from Tremonti et al. (2004) . From these plots, there is no significant influence from the large-scale environment on the relationship between the H I mass and gas-phase chemical abundances of star-forming dwarf galaxies.
the u − r and g − r colors. While there is a subset of dwarf galaxies with extremely low metallicities that do not follow this trend (seen in the left-hand panels of Figures 11 and 12) , this population follows the color-N/O trend seen on the right in each of these figures. While these galaxies have unusually low oxygen abundances, they have normal N/O ratios. The presence of a relationship between the N/O ratio and the color of a galaxy can indicate a time delay between the release of nitrogen and oxygen (van Zee & Haynes 2006; Berg et al. 2012) . If highermass stars are the main source of oxygen, then the oxygen will be released on a shorter time scale than nitrogen for a given star formation episode (since highermass stars turn off the main sequence earlier than the intermediate-mass stars that synthesize nitrogen). Therefore, the amount of nitrogen relative to oxygen should increase as the hotter, more massive stars burn out and the galaxy becomes redder. This trend can be seen in the star-forming dwarf galaxies on the right of Figures 11 and 12 There does not appear to be any influence from the large-scale environment on the relationship between the color and chemical abundances for star-forming dwarf galaxies. There is no obvious difference between the void and wall dwarf galaxies in the left-hand panels of Figures 11 and 12 , when we concentrate on the oxygen abundance as a function of color. To help discern any influence from the environment on the N/O ratio as a function of color, we bin the star-forming dwarf galaxies by their color in bins of width 0.1 -these results are overlaid on the left-hand plots of Figure 11 . Color (u − r) versus the gas-phase oxygen abundance (left) and the N/O ratio (right) for star-forming dwarf galaxies. Error bars on individual points have been omitted for clarity. For reference, the dwarf galaxies in SDSS DR7 that have estimated metallicities from Tremonti et al. (2004) are shown in the left panel in gray. To discern any environmental trends in the results, we have binned the galaxies by their color (in bins of width 0.1) on the right. The large-scale environment does not influence the relationship between the color and chemical abundances of dwarf galaxies. Figure 12 . Color (g − r) versus the gas-phase oxygen abundance (left) and the N/O ratio (right) for star-forming dwarf galaxies. Error bars on individual points have been omitted for clarity. For reference, the galaxies in SDSS DR7 that have estimated metallicities from Tremonti et al. (2004) are shown in the left panel in gray. To discern any environmental trends in the results, we have binned the galaxies by their color (in bins of width 0.1) on the right. The large-scale environment does not influence the relationship between the color and chemical abundances of dwarf galaxies.
and 12. The shift toward higher N/O ratios seen in the wall bins in both figures is the same shift identified in the histograms in Fig. 4 . Any variation in the color-abundance relationship between the void and wall populations except a vertical shift would be evidence of the large-scale environment influencing the relationship. There is a modest difference in the slope of these bins in N/O, where the colors of star-forming void dwarf galaxies are more strongly correlated with their N/O ratios than star-forming wall dwarf galaxies. The Pearson correlation coefficient between u − r and log(N/O) for the star-forming void dwarf galaxies is 0.63 ± 0.019 and 0.52±0.027 for the star-forming wall dwarf galaxies. The correlation coefficients between g − r and log(N/O) for the void dwarf galaxies is 0.74 ± 0.014 and 0.67 ± 0.020 for the wall dwarf galaxies.
(s)SFR-abundance relations
There is thought to be a fundamental relationship between the stellar mass, star formation rate (SFR), and metallicity of a galaxy (Mannucci et al. 2010; Lara-López et al. 2010; Andrews & Martini 2013) ; the metallicity of a galaxy should increase with stellar mass and decrease as a function of the SFR. Henry et al. (2013) observe an inverse relationship between the Figure 13 . SFR versus metallicity (left) and the N/O ratio (right) for star-forming dwarf galaxies. Error bars for individual galaxies have been omitted for clarity. To place our oxygen abundance results in context, we show (gray stars) the dwarf galaxies in SDSS DR7 with metallicity estimates from Tremonti et al. (2004) . To discern any environmental effects on the relation between SFR and the N/O ratio, we bin the dwarf galaxies by SFR (in bins of width 0.1). From these plots, the large-scale environment has no discernible influence on the relationship between the SFR and gas-phase chemical abundances of star-forming dwarf galaxies.
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log ( Figure 14 . Specific star formation rate (sSFR) versus metallicity (left) and the N/O ratio (right) for star-forming dwarf galaxies. Error bars on individual galaxies have been omitted for clarity. To place our oxygen abundance results in context, we show (gray stars) the dwarf galaxies in SDSS DR7 with metallicity estimates from Tremonti et al. (2004) . To discern any environmental effects on the relation between sSFR and the N/O ratio, we bin the dwarf galaxies by sSFR (in bins of width 0.1). From these figures, there is no significant influence on the relationship between the sSFR and gas-phase chemical abundances of star-forming dwarf galaxies.
metallicity and SFR of low-mass galaxies. However, as was seen in Douglass & Vogeley (2017a) , Fig. 13 shows very little correlation between the SFR and metallicity or N/O ratio of the star-forming dwarf galaxies. When we separate the dwarf galaxies by their large-scale environment, we see no difference in the correlation coefficients between the two environments; there is no discernible influence on the relationship between the SFR and the chemical abundances by the large-scale environment.
We also inspect the relationship between the specific star formation rate (sSFR) and the gas-phase chemical abundances in star-forming dwarf galaxies. As shown in Fig. 14, there is a stronger correlation between the sSFR of a dwarf galaxy and its metallicity and N/O ratio. The left-hand panel of Fig. 14 shows the relationship between the gas-phase oxygen abundance and the sSFR for star-forming dwarf galaxies; to place our results in context, we also include (gray stars) those dwarf galaxies in SDSS DR7 for which Tremonti et al. (2004) was able to estimate metallicities. In the metallicity regime we are able to probe (12 + log(O/H) ≤ 8.5), the star-forming dwarf galaxies display relatively little relationship between their sSFR and metallicity. The group of extremely low metallicity dwarf galaxies (12 + log(O/H) < 7.6) in our sample has some of the lowest sSFR of our dwarf galaxies.
As we see on the right in Fig. 14 , though, there is a strong anti-correlation between the sSFR and N/O ratio for the star-forming dwarf galaxies. Galaxies with higher sSFRs may be producing more massive stars than galaxies with lower sSFRs. If oxygen is produced in more massive stars than those which produce nitrogen, then the galaxies with higher sSFRs will produce more oxygen earlier than those galaxies with lower sSFRs. Increasing the gas-phase oxygen abundance relative to nitrogen will decrease the N/O ratio in these galaxies with higher sSFRs. Therefore, an anti-correlation between the sSFR and N/O ratio is further evidence that oxygen is produced in higher mass stars than those which synthesize nitrogen.
There is also very little scatter in the right-hand panel of Fig. 14, indicating a significant relationship between the sSFR and N/O ratio for dwarf galaxies. The Pearson correlation coefficients for our sample of star-forming void dwarf galaxies is −0.62 ± 0.020; the correlation coefficient for the star-forming wall dwarf galaxies is −0.55 ± 0.025. It is interesting to note that the void dwarf galaxies exhibit a stronger correlation between their sSFR and N/O ratio than the dwarf galaxies in denser environments. This can be seen in the binned data points plotted on top of the individual dwarf galaxies; we have taken the average of the galaxies binned by their sSFR (in bins of width 0.1) to help discern any large-scale environmental influence on the relationship between the sSFR and the N/O ratio.
LARGE-SCALE ENVIRONMENTAL INFLUENCE
We see small, statistically significant shifts in each of the three gas-phase abundance ratios studied as a function of the large-scale environment, implying that the large-scale environment influences the chemical abundances of star-forming dwarf galaxies. Previous work by Douglass & Vogeley (2017b) suggests that the oxygen abundance (O/H), nitrogen abundance (N/H), and N/O ratio depend on a galaxy's environment. Work by Shields et al. (1991) finds no shift in the N/O ratio between cluster and field galaxies, though they do find that cluster galaxies have higher metallicities than field galaxies. Contini et al. (2002) and Pilyugin et al. (2002) find a statistically insignificant shift in the N/O ratio between cluster and field galaxies, where cluster galaxies have lower N/O ratios than field spiral galaxies. The shifts seen in each of these latter three sources are opposite to what we observe in this paper, though these previous studies concentrate on the galaxies in the Virgo cluster, which are more massive than our dwarf galaxy (M r > −17) sample. On average, we find that star-forming void dwarf galaxies have ∼7% higher oxygen abundances, ∼10% lower nitrogen abundances, and ∼17% lower N/O ratios than star-forming dwarf galaxies in denser regions.
As outlined in Douglass & Vogeley (2017a) , there have been numerous previous studies that investigate the influence of the environment on the metallicity of a galaxy, resulting in mixed conclusions. When a difference in the metallicity was attributed to the environment (as in Pustilnik et al. 2006 Pustilnik et al. , 2011a Pustilnik 2014; Sánchez Almeida et al. 2016; Cooper et al. 2008 , for example), it was found that those galaxies with higher metallicities preferentially reside in denser regions. This is the opposite of the trend seen in Fig. 2 in the starforming dwarf galaxies, although our results are not a direct comparison with their conclusions (do to our requirement of the [O III] λ4363 auroral line, we are not able to probe the high-metallicity regime). We observe an average metallicity that is ∼7% higher in void dwarf galaxies than in dwarf galaxies in denser regions.
Higher metallicities in void dwarf galaxies
We posit that the slightly higher metallicities seen in the star-forming void dwarf galaxies in Fig. 2 is due to a large-scale environmental effect on the ratio of a galaxy's dark matter halo mass to stellar mass (M DM /M * ). Goldberg & Vogeley (2004) show that gravitational clustering within a void proceeds as if in a very low density universe, where the growth of gravitationally bound dark matter halos ends relatively early. Afterwards, there is relatively little interaction between the void galaxies because of the lower density and faster local Hubble expansion. Simulations by Jung et al. (2014) and Tonnesen & Cen (2015) show that, for a fixed dark matter halo mass, the stellar masses of central galaxies located in voids are smaller than those of central galaxies living in denser regions. The ΛCDM cosmology predicts that galaxies formed in voids will be retarded in their star formation when compared to those in denser environments. Therefore, void dwarf galaxies could have higher M DM /M * ratios than dwarf galaxies in denser regions.
If this is the case, then the potential well and virial radius of the void galaxies are large enough to retain more of the heavy elements that are blown from the ISM to the CGM of a galaxy (from a supernova, for example). The simulation results of Tonnesen & Cen (2015) find that, for central galaxies with halo masses between 10 11 and 10 12.9 , void galaxies have ∼10% larger ratios of dark matter halo mass to stellar mass than wall galaxies at z = 0. In wall galaxies, more of these heavy elements can escape the dwarf galaxy, while in void galaxies they are confined to the CGM and eventually fall back onto the galaxy's ISM. If star-forming void dwarf galaxies are able to retain more oxygen relative to their hydrogen abundance, then they will reach the critical value of O/H for secondary nitrogen production (via the CNO cycle) earlier than the star-forming wall dwarf galaxies, for a given stellar mass. We see this in Fig. 8 , where the N/O plateau for the void dwarf galaxies exists for stellar masses log(M * /M ⊙ ) 7.2. In contrast, the N/O plateau for the wall dwarf galaxies exists for stellar masses log(M * /M ⊙ ) 7.6.
If void dwarf galaxies have higher M DM /M * ratios than dwarf galaxies in denser environments, we would expect to see an environmental influence on other characteristics of these galaxies. First, the ratio of neutral hydrogen mass to stellar mass of the dwarf galaxies would be higher in star-forming void galaxies than star-forming wall galaxies, under the assumption that neutral hydrogen traces dark matter. We see this effect both in Fig. 9 of Moorman et al. (2016) and in Fig. 9 above. Second, the H I mass function should shift less from wall to void galaxies than the shift seen in the luminosity function. Indeed, Moorman et al. (2016) finds a shift of characteristic H I mass by a factor of 1.4 in the H I mass function, while Hoyle et al. (2005) measures a shift by a factor of 2.5 in luminosity in the luminosity function between these two environments.
Lower N/O ratios in void dwarf galaxies
As we see in Fig. 4 , star-forming void dwarf galaxies have a lower N/O ratio than wall dwarf galaxies. This strengthens the preliminary results found in Douglass & Vogeley (2017b) and the simulation results of Cen (2011) , indicating that void galaxies are retarded in their star formation and that cosmic downsizing might depend on the large-scale environment. As suggested by van Zee & Haynes (2006) , a galaxy with a declining SFR at late times (a wall galaxy) will have a higher N/O ratio than a galaxy with a constant SFR (a void galaxy); the ongoing star formation in the void galaxies will release more oxygen into the ISM, decreasing their N/O ratio relative to the galaxies with declining SFRs. This concept is supported by the color-N/O diagram in Figures  11 and 12 , where the bluer galaxies have lower N/O ratios. The correlations between color and the N/O ratio found in van Zee & Haynes (2006) , Berg et al. (2012) , Douglass & Vogeley (2017b) , and this work are a result of declining SFRs (van Zee & Haynes 2006). The average lower N/O ratios we see in star-forming void dwarf galaxies may be observational evidence that cosmic downsizing is environmentally dependent.
Extremely low metallicity dwarf galaxies
Previous studies have either hypothesized (Pustilnik et al. 2006 (Pustilnik et al. , 2011a (Pustilnik et al. , 2013 or concluded (Filho et al. 2015 ) that low-metallicity objects preferentially reside in low-density environments. Douglass & Vogeley (2017a) find that, out of 135 dwarf galaxies studied, there is no difference in the fraction of low-metallicity dwarf galaxies that reside in voids and denser regions. Of the 1920 dwarf galaxies we analyze, 287 have extremely low metallicity values (12 + log(O/H) ≤ 7.6). Of these 287 low-metallicity dwarf galaxies, 144 are found in voids (approximately 15% of the star-forming void dwarf galaxy population studied) and 122 are located in denser regions (16% of the star-forming wall dwarf galaxy population studied). These population fractions do not support the existence of a special population of extremely metal-poor dwarf galaxies in voids.
We find that these 287 extremely metal-poor galaxies are only slightly lower in their nitrogen abundances when compared to the total star-forming dwarf galaxy population studied. The low oxygen abundances causes these dwarf galaxies to have higher N/O ratios than the total star-forming dwarf galaxy population studied. From Figures 11 and 12 , it is apparent that these extremely metal-poor star-forming dwarf galaxies are redder than their oxygen abundances would typically indicate, although their colors align with their N/O ratios. Fig. 13 also shows that the sSFRs for these lowmetallicity dwarf galaxies are lower than expected for their oxygen abundances, though their sSFRs conform with the observed relationship between the N/O ratio and the sSFR. The 287 extremely metal-poor galaxies are isolated from our main sample of star-forming dwarf galaxies only when comparing their gas-phase oxygen abundances to other physical characteristics; their N/O ratios are not unusual.
CONCLUSIONS
We estimate the gas-phase oxygen and nitrogen abundances and the N/O ratio of star-forming dwarf galaxies in SDSS DR7 using the direct T e method and spectroscopic line flux measurements as reprocessed in the MPA-JHU catalog. We expand upon the previous work of Douglass & Vogeley (2017a) and Douglass & Vogeley (2017b) by deriving a relation between the doublyionized oxygen and total oxygen abundance in starforming galaxies; removing the dependence on the [O III] λ3727 doublet, this relation allows us to probe those dwarf galaxies at z < 0.02 in SDSS DR7. The 1920 dwarf galaxies analyzed indicate that the large-scale environment influences their chemical evolution: starforming void dwarf galaxies have higher oxygen abundances by an average of 7%, lower nitrogen abundances by an average of 10%, and 17% lower N/O ratios than star-forming dwarf galaxies in denser regions. The largescale (∼10 h −1 Mpc) environment influences the chemical evolution of star-forming dwarf galaxies.
In addition, we also look at the relationship between the metallicity and the N/O ratio and other physical characteristics of our star-forming dwarf galaxy sample. In the relationship between N/O and O/H, all our dwarf galaxies reside on the so-called "nitrogen plateau," where the N/O ratio is predicted to be independent of the gas-phase oxygen abundance for metallicities 12 + log(O/H) < 8.5. Instead of a constant value for the N/O ratio, we instead find that the N/O ratio decreases with increasing metallicity. However, we do find a plateau in our relationship between the stellar mass and N/O ratio. Most of our star-forming dwarf galaxies follow the typical mass-metallicity relation (Tremonti et al. 2004) . There is no relationship between the metallicity and H I mass of the galaxies, but the N/O ratio decreases with increasing H I mass for fixed stellar mass. The star-forming dwarf galaxies exhibit an increase in the metallicity (O/H) and N/O ratio with increasing color (both u − r and g − r). We see very little correlation with SFR for either metallicity (O/H) or N/O ratio of dwarf galaxies, but the metallicity and N/O ratio decrease with increasing sSFR. Beyond the large-scale environmental influence on the chemical abundance distributions in the sample of starforming dwarf galaxies, we do not observe any significant differences between the star-forming void and wall dwarf galaxies in any of these relationships.
We surmise that the differences in the distributions of metallicity and the N/O ratio seen in the sample of star-forming dwarf galaxies are due to a large-scale environmental influence on their formation history and evolution. The shift in the gas-phase oxygen abundance distribution could be observational evidence for delayed star formation in void galaxies when compared to those in denser regions. This would result in a smaller ratio of stellar mass to dark matter halo mass in void galaxies than in wall dwarf galaxies, as predicted in simulations by Jung et al. (2014) and Tonnesen & Cen (2015) . Simulations looking at how the retention fraction of supernovae ejecta depends on the halo mass or dark matter potential would be useful in understanding if a ∼10% increase in the dark matter halo mass for void dwarf galaxies is enough to result in a ∼7% increase in the metallicity. If the void galaxies are retaining more oxygen as a result of their deeper potential wells, then they will be able to commence the synthesis of secondary nitrogen earlier, as is seen in the mass-N/O relation in Fig. 8 . In addition, the shift towards lower N/O ratios in the star-forming void dwarf galaxies may be evidence that cosmological downsizing is environmentally dependent. Our results provide evidence for delayed, ongoing star formation in void dwarf galaxies whose dark matter halos ceased coalescing earlier than for dwarf galaxies in denser regions.
No special population of extremely metal-poor starforming dwarf galaxies is found in the voids, as we note an equal fraction of low metallicity dwarf galaxies in both the voids and denser regions. Due to their low gas-phase oxygen abundances, the 287 dwarf galaxies have some of the larger N/O ratios of the star-forming dwarf galaxy sample studied. While the metallicities of these galaxies cause them to stand out when looking at the relationship between the metallicity and other physical characteristics of the galaxies (stellar mass, color, (s)SFR), they are not unusual when studying the relationship between the N/O ratio and the other galaxy properties.
